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(57) Abstract 

A recombinant human immunodeficiency virus (rHIV) and recombinant mammalian cell -line (packaging systems) and a method for 
treating infection of cells by human immunodeficiency virus HIV. rHIV, such as rHIV-1, comprises a gene construction which includes a 
foreign gene. The expression of this gene is activated in human cells in the presence of wild -type HIV. This gene product can cause cell 
death in the presence of an appropriate drug, e.g. Acyclovir. This gene product is typically a viral thymidine kinase. rHIV is so constructed 
that is unable to replicate by itself due to the absence of a regulatory gene that is necessary for its replication, such as tat or rev or both. The 
recombinant mammalian cell-line packaging system comprises in its genome a recombinant gene construction which typically includes a 
functional regulatory gene from HIV which is missing from rHIV, such as the tat or rev genes or both. The method for treating infection of 
cells by HIV comprises administering a composition comprising rHIV, which is produced in vitro from a recombinant mammalian eel I -line, 
and treating with a nucleoside analog, such as Acyclovir or Gancyclovir. 
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RECOMBINANT HIV AND MODIFIED PACKAGING CELLS AND 
METHOD FOR TREATING ACQUIRED IMMUNE DEFICIENCY 

SYNDROME 

FIELD OF THE INVENTION 

The present invention relates generally to genetic 
engineering and also to gene therapy wherein a 
genetically engineered gene is included into a vector 
for the purposes of in vivo targeted therapy. 

BACKGROUND OF THE INVENTION 

The availability of genetic engineering, 
particularly in the form of recombinant DNA technology 
has increased the possibility of successful gene 
therapy. A particular desired scenario for gene 
therapy involved in vivo targeted therapy which is 
specific for the disease to be treated. ' Typically, a 
gene, which expresses a product that is useful in the 
treatment of the disease, is inserted into a vector, 
such as a virus, which is then administered to the 
patient suffering from the disease. There are numerous 
proposals in the literature for such treatments and 
vectors . 

It will be appreciated that in recent times, 
considerable effort and resources have been devoted to 
treating one particular disease in humans which is 
usually fatal. This disease, acquired immune 
deficiency syndrome (AIDS) is caused by a particular 
retrovirus known as human immunodeficiency virus (HIV) 
which includes the virus known as HIV-1. Numerous 
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treatments for this disease have been proposed and 
tested and some are currently in use. For example, 
AIDS is commonly treated by administering the drug AZT 
to AIDS patients. Moreover, ribozyme and ant i -sense 
technology are currently being developed as possible 
treatments for humans suffering from infection by HIV. 
Many of these new technologies are discussed in volume 
260 of SCIENCE, 28 May 1993 issue. As illustrated on 
page 1257 of this issue of SCIENCE, numerous 
therapeutics have been identified for various steps in 
the stages of the replication of HIV. The replication 
of HIV is attached by these proposed therapeutics in 
order to treat the disease. However, it has not been 
possible to cure the infected individual . because of the 
ability of HIV to remain integrated into the cellular 
genome and also due to the frequency of changes that 
appears in the viral genome in every replication cycle. 

Often, these various treatments are not permanent 
and are not economical, and they are often not specific 
enough. The lack of specificity of the treatments 
tends to cause complications arising from the effect of 
the therapeutic drug on uninfected human cells in the 
body of the patient being treated. 

The present invention seeks to provide a novel 
treatment for AIDS as well as a genetically engineered 
HIV and a genetically engineered cell line for 
producing the genetically engineered HIV. 
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filTMMARY OF THE INVENTION 

The invention provides a recombinant human 
immunodeficiency virus (r HIV) and a recombinant 
(modified) T-celi line having a functional regulatory 
gene from HIV, and a method for treating the acquired 
immune deficiency syndrome in a human caused by HIV. 

The modified human immuno deficiency virus (rHIV) 
includes, in its genome a modification (e.g. a deletion) 
of one of the HIV regulatory genes and the inclusion of 
a foreign gene. In one embodiment, the foreign gene is 
a viral kinase enzyme such as a viral thymidine kinase 
(tk) from the Herpes simplex virus (HSV-1). Typically, 
the rHIV is unable to express at lease one functional 
regulatory gene product of the genome of HIV because 
the genome of rHIV has been modified to either remove 
;or incapacitate the gene which encodes thi<s functional 
regulatory gene product. In one embodiment, this 
functional regulatory gene product may be either the 
tat protein or the rev protein of HIV. 

The present invention also provides a modified 
mammalian cell line, such as a modified T-cell line, 
having in its genome a recombinant gene construction 
including a gene from the genome of HIV (usually the 
wild-type HIV-1). This foreign gene will typically 
encode a functional regulatory gene product of HIV. 
Typically, this functional regulatory gene product of 
HIV is the same functional regulatory gene product 
which the rHIV cannot produce or express. In this 
fashion, the modified T-cell line will support 
replication of rHIV while a normal T-cell line (or a 
normal in vivo T-cell) will not support replication of 
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rHIV. In one embodiment, the modified T-cell line 
includes the tat gene from wild-type HIV (e.g. HIV-1) 
and expresses the gene product of this gene so that is 
becomes possible to replicate rHIV (tat-) in this cell 
line. This in vitro rHIV production is referred to as 
a packaging system. 

The invention also provides a method for treating 
AIDS in a human by administering a composition which 
includes rHIV followed by administering a nucleoside 
analog. In a typical embodiment, the nucleoside analog 
is Acyclovir or Gancyclovir. In a typical 
implementation of this method, the rHIV is harvested 
from the modified T-cell line. The harvested rHIV will 
then be administered to the patient suffering from 
AIDS. rHIV will infect all HIV-inf ectable cells. In 
one embodiment, the tk gene included in rHIV will be 
actively expressed only in the presence of wild-type 
HIV. Treatment with Acyclovir completes this modality. 

It will be appreciated that in the preferred 
embodiment rHIV (typically, rHIV-1) is incapable of 
replication on its own in a normal T-cell line or a 
normal T-cell. That is, it requires the modified T- 
cell line or T-cell having the regulatory gene which is 
depleted from rHIV-1. It will also be appreciated that 
rHIV produced according to the invention is highly 
infectious and has exactly the same host range as wild- 
type HIV-1. rHIV-1 is capable of super infecting human 
T-cells previously infected with wild-type HIV-1. 
Although rHIV-1 is incapable of replicating by itself 
in a normal cell, it will infect a previously HIV-1 
infected cell as well as an HIV-1 inf ectable cell, but 
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rHIV-1 will not replicate in cells that lack wild-type 
HIV-1. 



In the case of double infection of a cell with 
HIV-1 and rHIV-1, rHIV-1 is stimulated to replicate and 
viral thymidine kinase is produced. This enzyme will 
phosphorylate a nucleoside analog, such as Acyclovir or 
Gancyclovir, which is a cytotoxic substance that will 
kill the HIV-1 infected cell. It will be appreciated 
that normal- cellular thymidine kinase phosphorylates 
the nucleoside analog very minimally with no 
consequences. Thus, administering these nucleoside 
analogs is safe and approved (as these analogs have 
been successfully used to treat HSV-1 infections in 
humans); that is these drugs have been well tested due 
to the fact that they have been prescribed for the 
treatment of herpes viruses. If HIV-1 infects cells 
previously infected with rHIV-1, viral thymidine kinase 
is produced and upon treatment with Acyclovir or 
Gancyclovir or other nucleoside analogs, these dully 
infected cells would be killed. The problem of 
developing resistance to these compositions such as 
Acyclovir or Gancyclovir does not arise because (1) the 
Lime for developing a modified tk gene is not 
available, and (2) fresh inoculation of rHIV can always 
be administered to circumvent the problem. 

It will be appreciated that repeated treatment may 
be needed to eradicate the HIV infection from infected 
individuals and prevent future reinfection from within. 
This direct in vivo gene therapy not only avoids the 
costs and complications of ex-vivo approaches but has 
the potential to become a simple out-patient office 
procedure. The treated patient can go on to other 
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remedial therapies for the correction of other 
deficits. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be described while 
referring to the following figures which are presented 
for purposes of illustration:' 

Figure 1 shows a general method of producing a 
modified mammalian cell or cell line according to the 
present invention. 

Figures 2a, 2b, 2c and 2d show various maps which 
illustrate the construction of the plasmid that is used 
to produce a modified mammalian cell or cell line 
according to the present invention. 

Figure 3 shows a general method for producing a 
recombinant HIV and relevant control constructs 
according to the present invention. 

Figure 4 shows a particular plasmid which is a 
gene construct containing proviral HIV-1. 

Figure 5 shows a design strategy for a particular 
embodiment of the present invention for inactivating a 
particular regulatory gene of HIV-1. 

Figure 6 shows a design strategy for creating a 
gene construct for rHIV-1 for a particular embodiment 
of the present invention. 
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Figure 7 shows a particular gene construct for a 
particular embodiment of the present invention; this 
gene construct contains a foreign gene which is to be 
inserted into HIV-1 in order to create rHIV-1. 

Figure 8 shows a general method for treating HIV 
infection with a recombinant HIV, as well as a method 
for producing the recombinant HIV. 

Figure 9 illustrates the nucleoside analog 
Acyclovir . 

Chart 1 shows a test for the replication of 
progeny virus from a T cell line transfected with 
various gene constructs . 

Chart 2 shows results from the infection of 
mononuclear peripheral blood cells from four normal 
donors by the progeny virus produced by the modified T- 
' cell lines of the present invention. 

DETAILED DESCRIPTION OF THE PRESENT INVENTION 

* While the present invention will be described by 
referring to specific examples of gene constructs, 
nucleoside analogs, foreign genes, and particular cell 
lines, as well as other details, it will be appreciated 
that this description is not by construed in a manner 
to limit the scope and spirit of the present invention. 
Moreover, numerous specific details which are well 
understood by those in art are described briefly so 
that the present invention is not unnecessarily 
obscured. 
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The modified mammalian cell line, such as a 
modified human T-cell line having in its genome a 
regulatory gene from wild-type HIV, is created, in one 
embodiment, according to the general method shown in 
figure 1. In a typical embodiment, the modified cell 
line will be a human T-cell which is transfected with a 
plasmid containing an HIV-1 regulatory gene, such as 
the tat gene, thereby producing a modified T-cell line 
having the tat gene in its genome. According to the 
general method shown in figure 1, the HIV-1 tat /rev 
mRNA, labeled 101, is reverse transcribed in order to 
produce tat/rev cDNA, which is cut with restriction 
enzymes Sail and BamHI to isolate the two coding exons 
of HIV-1 tat cDNA, and this product is labelled as 102 
in Figure 1. This tat cDNA is then inserted into a 
vector 103, typically downstream from a promoter region 
104 to produce a resulting plasmid 105 as shown in 
figure 1. This plasmid is then used to transfect human 
T or B cells (e.g. the Jurkat T cell line) to produce a 
modified T-cell or a modified B-cell, such as T-cell 
107 or B-cell 108. It will.be appreciated that other 
regulatory genes of HIV, such as rev may also be 
inserted into a plasmid along with the tat gene and 
this plasmid may then be used to transfect T-cells or 
B-cells to thereby produce a modified T-cell or B-cell. 
These cells are typically immortalized cell lines 
capable of indefinite replication and thus are useful 
as packaging systems to prepare large numbers of the 
rHlV-1 described below. 

A specific example of this general method shown in 
Figure 1 will now be provided in conjunction with 
Figures 2a, 2b, 2c and 2d. Figure 2a shows a map on 
the proviral DNA of the genes encoding for the HIV-1 
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proteins. The two coding exons of the tat gene are 
indicated by arrows on Figure 2a. Figure 2b shows the 
splicing pattern for the tat/rev mRNA; the Sail and 
BamHI splicing sites corresponding to the tat cDNA (0.3 
kb long) fragment 102 are indicated on the outline of 
its mRNA shown in Figure 2b. It will be appreciated 
that the gaps in the mRNA of Figure 2b are joined after 
conventional mRNA post-transcriptional processing. The 
resulting mRNA tat/rev is shown as fragment 101 in 
Figure 1, and this fragment is reverse transcribed as 
indicated above and then the cDNA is digested with Sail 
and BamHI to produce the cDNA tat fragment 102, which 
is 356 base pairs (bp) long and is isolated using 
conventional techniques. 

The expression vector 103, shown in Figure 1 and 
Figure 2c, contains the origin of replication and the 
early region of the human papovavirus BK (allowing its 
amplification in human cells) , a "cassette" of SV40 
early prometer 104 , splicing and polyadenylation 
sequences that permit expression of a cDNA, and plasmid 
sequences from pBR322. The expression vector 103 also 
includes the bacterial gene for the aminoglycoside 
phosphotransferase (Neo) under the control of the SV40 
early region promoter and polyadenylation sequences, 
which confers resistance to the aminoglycoside 
antibiotic G418 when expressed in euharyotic cells. 

The plasmid 105, shown in Figure 2d, contains the 
cDNA of HIV-1 tat gene and was derived from plasmid 
103, shown in Figure 2c, in the following manner. The 
Sall-BamHI fragment 102 of 356 bp (which contains the 
,two coding exons of the HIV-1 tat cDNA) was filled in 
using the Klenow enzyme (large fragment of DNA 
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polymerase I) and inserted by conventional blunt end 
ligation into the unique Xhol site of vector 103 which 
was previously filled in with the Klenow enzyme. This 
blunt end ligation of the filled in fragment 902 into 
the vector 103 places the tat cDNA 102 fragment between 
the SV40 early promoter 104 and the SV40 splicing and 
polyadenylation signals (shown as SV40 s.p. s. in Figure 
2d) . 

The Jurkat T-cell is derived from a human T-cell 
lymphoma and is used in an embodiment where T cells are 
transfected with the plasmid 105. This transfection 
produces a modified mammalian T-cell lone having tat + 
(that is, having the tat gene which expresses 
functional tat protein) . Plasmid 105 was introduced 
into these Jurkat T cells by electroporation using 
conventional electroporators (e.g. from Invitrogen 
Corporation). In one embodiment, a sample of 10 7 cells 
was suspended in 1ml of the media RPMI 1640 (which is 
chilled on ice to roughly about 0*C). Plasmid DNA (in 
the form of Plasmid 105) was added at concentrations of 
lOOng to 1 microgram per sample. Electroporation in a 
0.4cm wide cuvette was carried out at 280mV and 960|iF. 
Transfected cells were selected using the antibiotic 
geneticin (G418) . Viable cells were recovered and 
expanded into cell lines which stably produce the HIV-1 
tat protein. 

The modified human immunodeficiency virus (e.g. 
rHIV-1) is produced according to the general method 
shown in figure 3. This method begins with a proviral 
HIV-1 DNA, labeled 201, which is inserted, using 
conventional recombinant DNA technology, into a plasmid 
to create plasmid 203. It will be appreciated that 
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this proviral HIV-1 DNA in one embodiment was 
constructed from two wild-type HIV and accordingly has 
the necessary regulatory genes which are essential for 
its replication. This is not only a replication 
competent virus, it is also highly infectious. 
Accordingly, the tat gene will be present in plasmid 
203. The plasmid 203 may then be replicated . in culture 
(e.g. in a bacterial culture) to produce a large number 
of such plasmids using conventional culturing 
technology. Some of these plasmids may then be 
harvested for the knock out or removal operation shown 
in figure 3 which creates plasmid 205 from plasmid 203, 
and similarly some of these plasmids 203 may be 
harvested for an insertion operation where in the tk 
gene 207 is inserted into the plasmid 2 03 to produce 
the plasmid 210. In an analogous fashion, the plasmid 
205 is used to insert the tk gene 207 to produce the 
plasmid 209. A specific example is given below for 
incapacitating the tat gene in order to produce the 
plasmid 205 from the plasmid 203. It will be 
appreciated by those in the art that the tat gene or 
other essential regulatory genes may be removed or 
knocked out in order to render the gene incapable of 
expressing a functional regulatory gene product. For 
example, the rev gene bay be knocked out in addition to 
the removal or knock out of the tat gene. 

After producing plasmids 210 and 209 from plasmids 
203 and 205 respectively, conventional transfection 
operations are performed in order to introduce the 
respective plasmid into normal T-cell lines or modified 
T-cell lines. Alternatively, transfection operations 
may be performed on normal B-cell lines or modified B- 
cel'l lines. Currently, transfection of modified T-cell 
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lines containing the tat gene of HIV-1 (wild-type) is 
preferred. Given this preference for transfection into 
T-cell or T-cell lines, this transfection procedure may 
be carried out as described above. Typically, the 
electroporation technique is used to cause transfection 
in order to efficiently introduce the DNA construct 
into the packaging cells. However, alternative methods 
of transfection may also be performed. In one 
embodiment a DNA construct, such as plasmid 209, may be 
transfected into T-cells (e.g. modified Jurkat tat + 
cells) by first cleaving the construct into two pieces 
(e.g. including a cleavage at the Sail site) and then 
sequentially introducing (by for example 
electroporation) one piece into the T-cells and then 
the other piece into the same T-cells. Then, the T- 
cells may assemble the pieces to produce a competent 
cell packaging system (e.g. T-cells 211) which will 
produce the rHIV of the present invention. 

In the case of the plasmid 210 which contains a 
complete copy of the HIV-1 genome as well as a complete 
copy of the tk gene (from, for example, HSV-1), this 
plasmid is transfected into a normal (tat-) T-cell or 
T-cell line, thereby producing a T-cell 212 having an 
integrated proviral HIV-1 genome which includes the tk 
gene from HSV-1. Transfection of a modified (tat+) T- 
cell or modified T-cell line which contains the tat 
gene from HIV-1 (Wild-type) with plasmid 210 produces a 
T-cell 214 which contains a integrated proviral copy of 
the HIV-1 genome with the tk gene as well as a further 
copy of the tat gene in the genome of the T-cell. it 
will be appreciated that these modified T-cells are 
produced according to the method described in 
conjunction with figure 1 above. It will be 
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appreciated that T-cells 212 and T-cells 214 aire used 
as controls in the experiments described below which 
establish the efficacy of the methods for producing the 
proper and desired gene constructs and the desired 
rHIV-1 and modified T-cells/T-cell lines. 

Plasmid 209 is also used to transfect both normal 
T-cells or T-cell lines and modified T-cells or 
modified T-cell lines. Plasmid 209 contains a full 
copy of the HIV-1 genome with the exception that a 

. regulatory gene has been disabled or totally removed 
(e.g. tat-), and it also includes a copy of the tk gene 
(full functional copy capable of expressing viral 
thymidine kinase) . In the embodiment shown in figure 3 
the functional regulatory gene of HIV which has been 
disabled is the tat gene, and thus the plasmid 209 is 
labeled as "tat-" to indicate the absence of this 
functional regulatory gene of HIV-1. After producing 
many copies of the plasmid 209 and harvesting these 
plasmids from their bacterial host, one sample of 
plasmids 209 is us.ed to transfect a normal (tat-) T- 
cell or T-cell line, and another sample of plasmid 209 
is used to transfect a modified (tat+) T-cell or T-cell 
line, thereby producing T-cell 213 or T-cell 211 
respectively. The transfection procedures are similar 

■to those described above. The T-cell 213 will be 
incapable of producing complete HIV-1 viral particles 
due to the absence of the tat gene on both the genome 
of the T-cell and the proviral copy of HIV-1 in the 
genome of the T-cell. These T-cells, such as T-cell 
213 may be used as a control in the experiments shown 
below to establish the efficacy and functionality of 
rHIV-1 as well as the modified T-cell line. The T-cell 
211 will be able to produce multiple viral products, in 
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this case the modified or recombinant human 
immunodeficiency virus referred to as rHIV-1 which 
lacks the functional regulatory gene tat and 
consequently is unable to express the gene product of 
this gene but does include a copy of the HSV-1 
thymidine kinase gene. This viral product may then be 
used to treat AIDS in the method described below. The 
T-cell 211 is capable of producing this recombinant 
virus by virtue of having a separate copy of the tat 
gene which is expressed by the transcription and 
translation system of the modified T-cell. That tat 
gene product expressed in this T-cell 21T allows the 
proviral HIV-1 having the tk gene (tk+) but not having 
a functional copy of the regulatory gene tat (tat-) to 
replicate itself to produce multiple copies of rHIV-1 
(tat-, tk+).. Thus, T cell 211 may be considered a 
packaging system for producing this recombinant virus. 

It will be appreciated that numerous gene 
constructs such as the plasmids 203, 205, 209, and 210 
may be constructed in various ways to achieve the 
results described herein. Thus, the specific examples 
given below for these particular gene constructs are 
merely one implementation of. the present invention. In 
a particular embodiment of the present invention, 
plasmid 203 is pNL 43, shown in figure 4. In this same 
embodiment, plasmid 205 is plasmid pNL43dBM, shown 
partially in figure 5, which shows a design strategy 
for the inactivation of the HIV-1 tat gene. The tk 
gene insert 207 shown in figure 3 is produced in this 
same embodiment according to the design procedure shown 
in figure 7. The plasmid 209 in this same embodiment, 
which is the plasmid of interest since it produces 
rHIV-1 in the modified T-cell line, is the plasmid 
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pNL43dBMtk and is produced according to the design 
procedure shown in Figure 6. The control plasmid 210 
in this embodiment is known as plasmid pNL43tk. 

After producing multiple copies of the recombinant 
HIV, which in the particular embodiment described above 
is rHIV-1 (tat-, tk+), the treatment of humans infected 
with HIV- 1 may then be performed by administering the 
recombinant virus and a nucleoside analog to the same 
patient. This will be described by referring to figure 
8 which also provides an overview of the invention. 
While figure 8 presents one example of the method 
according to the present invention, it will be 
appreciated that certain of the steps (e.g. 801, 803, 
8 05, and 807) may be performed in a sequence which is 
different from that shown in figure 8. The method 
begins in step 801 wherein a T-cell line (or a B-cell 
line) is transfected with a plasmid which contains the 
functional HIV regulatory gene (e.g. tat gene) in order 
to produce a modified T-cell line which will be the 
packaging system used to produce the recombinant in HIV 
of the present invention. In step 803, a proviral HIV 
construct is created without the functional HIV 
regulatory gene {e.g. tat gene) which has been inserted 
into the modified T-cell in step 801. Then in step 
805, a foreign gene such as the HSV-1 thymidine kinase 
gene is inserted into the proviral HIV construct 
created in step 803. This creates, for example, rHIV-1 
(tat-, tk+)... Then in step 807, this recombinant DNA 
[ (for example-, rHIV-1 (tat-, tk+) DNA] is then inserted 
into the modified T-cell line packaging system which 
was created in step 801. This produces in step 809 
many copies of the recombinant virus I (for example, 
rHIV (tat-, tk+)]. Then in step 811, this recombinant 
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virus is harvested and then injected into a human 
patient suffering from infection by wild-type HIV-1. 
Alternatively, a sample of the patient's blood may be 
taken and cultured with the recombinant virus (to 
infect T cells in the sample) and then the sample is 
injected back into the patient. Then, in step 813, a 
nucleoside analog such as Acyclovir is administered 
orally or Gancyclovir is injected. The standard 
therapeutic dosages of this nucleoside analog may 
typically be used several times over a period of time. 
While administering Acyclovir, blood samples from the 
patient may be taken to determine the progress of the 
treatment (by measuring the quantity of HIV present 
and/or the number of infected cells). As shown by the 
dashed lines in figure 8, ^further injections of the 
recombinant virus into the patient may be performed 
followed by further administrations of the nucleoside 
analog. Again, the progress of the treatment may be 
monitored by taking samples of the patient's blood and 
measuring the quantity of HIV present and/or the number 
of cells infected by HIV. 

A particular implementation of the present 
invention will now be described by showing particular 
gene constructs which were used to create an embodiment 
of the recombinant human immunodeficiency virus of the 
present invention. Figure 2a shows a gene map of the 
proviral form of the HIV-1 genome. As is known, this 
genome is also similar to the HIV-2 genome and 
therefore the invention may be used to treat infections 
by HIV-2. As is known, the tat and rev regulatory 
genes of HIV-1 are mapped to two non contiguous regions 
of the genome, and the messenger RNA for tat is a 
spliced copy of each segment. The inactivation 
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strategy, according to the present invention for 
inactivating tat seeks to disrupt the reading frame of 
the tat exon. 

Figure 4 shows a particular plasmid, the plasmid 
pNL43 which contains two full copies of HIV from two 
different isolates of HIV (wild-type). These isolates 
are referred to as NY 5 (5') and LAV J 3 ' ) and were 
cloned directly from genomic DNA. See, generally, 
Adachi , A., et al., Journal of Virology, vol. 59, at 
pages 284-291 (1986). This plasmid pNL43 is used as 
the basis for the creation of the plasmid pNL43dBM, and 
the plasmid pNL43dBMtk. 

Figure 5 shows a design strategy, according 
to one embodiment, for the HIV-1 (tat-) gene construct, 
which has been labelled pNL43dBM. The tat gene is 
inactivated, according to this strategy, by a 16 base 
pair deletion between Banll and Mval restriction sites 
in the HIV-1 proviral DNA. This deletion renders the 
tat protein functionally inactive. As shown in Figure 
5, the plasmid pNL43dBM (generally represented as 
plasmid 205 in Figure 3) is derived from the plasmid 
pNL43 (which is generally represented as plasmid 203 in 
Figure 3). A portion of the HIV-1 DNA in plasmid 203 
about 70 nucleotides downstream from the Sail 
restriction site ( in the tat gene) and 25 nucleotides 
downstream from the ATG codon was cut with Banll and 
Mval restriction endonucleases . The fragments were 
then treated with SI nuclease to digest the single- 
stranded portions of the fragments in order to blunt 
end them. The fragments were then bound to each other 
by the T4 DNA ligase enzyme. Deletion of the 16 base 
pair stretch was confirmed by sequencing. Also, see 
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the paper by Shibata, et al . concerning research on tat 
mutants; Shibata, R. , et al., Archives of Virology, V. 
114, pages 243-250 (1990). 

The tk gene from HSV-1 is obtained from the PvuII- 
Pvull fragment 207 shown in figure 7 which may be 
obtained from the plasmid 701 shown in figure 7. In 
particular in one embodiment, a portion of the HSV-1 
genome, containing the tk gene (in the BamHII-BamHII 
fragment 703), was cloned into a plasmid vector, 
thus obtaining the plasmid 701. See generally the 
article by McKnight, S.L. and Grace, E.R., in Nucleic 
Acid Research, Vol. 8, starting at page 5981 (1980). 
The PvuII-PvuII fragment 207 shown in figure 7 is a 
fragment containing the complete tk gene that can be 
expressed under an HIV-1 promoter. This tk fragment 
207 is inserted into the HIV proviral . genome at the 
Sail site as shown in figure 6. Figure 6 illustrates a 
schematic representation of the construction of 
plasmids 209 and 210 into which the tk fragment is 
inserted. This insertion is produced by partial 
digestion by Sail followed by a fill-in reaction to 
produce blunt ends and the insertion and ligation of 
the PvuII-PvuII fragment 207. In particular, to make 
Plasmids 209 and 210, plasmids 203 and 205 respectively 
were cut with Sail (which is located just after the 
splice acceptor site for the tat /rev mRNA) . The 
resulting single strand portions of DNA were filled-in 
with Klenow DNA polymerase producing blunt ends. The 
PvuII-PvuII fragment 207. of the HSV-1 subclone 
containing the tk gene (about 2 kilobase pairs in 
length) was inserted between the blunt ends of opened 
plasmids 203 and 205 by conventional blunt end 
ligation. 
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Charts 1 and 2 illustrate various experimental 
results which demonstrate the in vitro effectiveness of 
the treatment method of the present invention and 
establish and verify the proper construction and 
functional operation of rHIV-1 (tat-, tk+) and the 
proper construction and operation of the modified T- 
cell lines. Chart 1 shows the results of assaying for 
the presence of p24 (an HIV-1 structural protein) , 
assaying for RT (reverse transcriptase), observing 
cytopathic effect (CPE) and cell lysis in the presence 
of Acyclovir. In each case for the Jurkat tat cells (a 
modified cell-line of human T-cells with tat + ) , these 
cells were transfected with one of the three plasmids 
(pNL43, pNL43tk f or pNL43dBMtk as respectively 
indicated in rows 3, 4, & 5 of Chart 1) and then the 
cultures of the respective transfected cells were 
assayed for p24, RT, CPE and cell lysis (after 
treatment with 10 rnicroMolar of Acyclovir) . It would 
be expected that the modified T-cells transfected with 
pNL4 3BdMtk would produce rHIV-1 {tat-, tk+) and that 
these cells would experience cell death by lysis from 
treatments of Acyclovir (due to internal expression of 
the viral tk gene product). The results shown in chart 
1 confirm this expectation as only 13% of the Jurkat 
(tat+) cells transfected with pNL43dBMtk were positive 
for HIV-1 p24 after only one treatment. 100% of the 
control Jurkat (tat+) cells untreated with Acyclovir 
but transfected with pNL43dBMtk were positive for HIV-1 
(not shown in Chart 1) . Accordingly some RT and CPE 
were also detected and observed. Moreover, the same 
(13%) number survived after. cell lysis indicating that 
cell death by lysis did occur in the presence of 
Acyclovir. These are the same 13% cells that were 
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present in the I FA test. The potency of P NL43 as an 
HIV infective carrier is demonstrated by these assays. 
Control T cells lines (tat-) (i.e. not transformed to 
include the tat gent) transfected with tat- ( tk- (e.g. 
P NL43dBM) or tat-, tk + (e.g. pNL43dBMtk) did not 
synthesize virus-specific antigens and reverse 
transcriptase was not detected during an extended 
-period of culturing of these control T cell lines. 
However, PGR (polymerase chain reaction)' analysis did 
indicate the presence of HIV-1 specific sequences in 
these control cells, thereby verifying an effective 
transfection with the plasmids. As shown in Chart 1, 
the modified Jurkat (tat+) cells supported the 
production of infectious virus efficiently, including 
those cells transfected with P NL4 3.. pNL43tk and 
pNL43dBMtk. 

CHART 1 

Test of pNL43 transfected Jurkat (tat+) cells for 
the replication of the progency virus and response to 
Acyclovir (10u\M) 

Primary Transfectant 
Jurkat (tat+) 

Specimen IFA Cell Lysis 

Supernatant p?4 f»+) rjt CPE „ft-^- Arvrlnv^ 

PBMC - _ 

Negative 

Jurkat - _ . 

pNL4 3 .45 ++ No Effect 

pNL43tk 43 + 



pNL43dBMtk 13 
HIV (LAV) 4 7 



+ - + 13 

+ 13 
++ ~ No Effect 
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Chart 2 demonstrates the infectiousness of the 
various forms of recombinant virus [including both of 
the control viruses produced by transfection of T-cells 
with pNL43 and pNL43tk and the desired recombinant 
virus rHIV-1 (tat-, tk+) produced by transfection of T- 
cells with pNL43dBMtk] . Note that these recombinant 
viruses were used for the infection of normal (not 
infected by HIV) fresh peripheral blood mononuclear 
cells (PBMC), which are known to be targets of .wild- 
type HIV-1; these cells were also exposed to a wild- 
type HIV-1 (the HIV-1 LAV isolate) to verify their 
expected inf ectability . The PBMC exposed to rHIV-1 
(tat-, tk+) were not killed by this virus while those 
PBMC cells exposed to the control recombinant viruses 
(shown in the columns pNL4 3 and pNL43tk) were killed as 
expected. In the case of the column labeled pNL43dBM, 
the supernatant from transfected T (tat+) cells 
(transfected with pNL43dBM) was applied to the culture 
containing the PBMC cells; * it will be appreciated that 
it would be expected, based on the teachings of this 
invention, that no virus would be produced in this 
case, and no infection or cell lysis would occur. This 
expectation was also confirmed. 

CHART 2 

Infection of PBMC from 4 normal donors by the 
progency virus produced by the pNL43 series of virus 
produced from Jurkat tat-f cells. 
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Specimen 

number PNL43 nNL4 3rfRM 



HTV-1 Uninfected 
PNM3tk DNL4 3d3Mt. k f LAV) Conr.rnl 



CPE/cel 

1 lysis 

CPE/cel 
1 lysis 

CPE/cel 
1 lysis 

CPE/cel 
1 lysis 



no CPE/cel 

respons 1 lysis 
e 

no CPE/cel 

respons 1 lysis 
e 

no CPE/cel 

respons 1 lysis 
e 

no CPE/cel 

respons 1 lysis 
e 



no CPE/cel Good 

respons 1 lysis 

e 

no CPE/cel Good 

respons 1 lysis 

e 

no CPE/cel Good 

respons 1 lysis 

e 

no CPE/cel Good 

respons 1 lysis 

e 



For the columns labelled pNL43 and HIV-1 (LAV), CPE 
were observed in the infected cells within 3 to 5 days 
£nd all cells in these cultures died by 12-15 days. 
For the column labelled pNL4 3tk, CPE were observed by 
the 10th day in culture, although many of these cells 
remained healthy, and these cells were killed by 
applying 10 microMolar of Acyclovir. 

This evidence demonstrates that the insertion of 
the tk gene is effective in producing cell death in the 
presence of a nucleoside analog such as Acyclovir or 
Gancyclovir and yet does not effect normal HIV 
specificity and infectivity. This also demonstrates 
that rHIV (tat-, tk+) is effective in infecting and 
killing T-cells specifically in the presence of the 
nucleoside analog. This also demonstrates that 
inactivation of the tat gene will prevent viral 
replication. 



WO 97/20052 PCT/US96/18885 



. -23- 

In addition to the uses described herein for the 
recombinant virus (e.g. rHIV-1), this virus is useful 
for research and development into the molecular biology 
of HIV, and it can be used in animal studies for 
potentiating immune responses. This virus can also be 
used to test the response of an animal to the virus in 
a specially developed murine system which is 
transplanted with human lymphoid organs. These are 
mice with sever combined immunodeficiency (SCID-hu) . 
Moreover, this virus can be used in regulated gene 
therapy strategies by adding a therapeutic gene to the 
rHIV, and injecting this modified rHIV into an animal 
and regulating over expression by injecting Acyclovir 
and injecting tat protein to cause expression of the 
therapeutic gene. The rHIV of the present invention 
may also be used i-n research and experimentation in the 
field of immunosuppression; for example, rHIV may be 
used to produce irnmunosuppresion to enhance organ 
transplantation or may be used to treat autoimmune 
disorders. In one case, rHIV may be introduced into an 
organ transplant patient and then the tat gene product 
may be injected intravenously while Acyclovir is 
introduced in the patient; in this manner, the infected 
CD4 lymphocytes may be selectively killed to suppress 
the immune system . 

Various of the plasmids and cell lines described 
above have been deposited with the American Type 
Culture Collection (ATCC) . In particular, samples of 
the modified Jurkat (tat+) T cell line have been 
deposited with the ATCC, 12301 Parklawn Drive, 
Rockville, MD, U.S.A. on October 3, 1995 under ATCC 
accession No. CRL 11987. Samples of the unmodified 
(control) Jurkat T cell (untransf ected with plasmid 
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105) have been deposited with the ATCC, 12301 Parklawn 
Drive, Rockville, MD. USA on October 3 # 1995 under ATCC 
Accession No. CRL 11988. Samples o£ the plasmids 
pNL43, in samples contained within Escherichia coli 
bacteria, have been deposited with the ATCC, 12301 
Parklawn Drive, Rockville, . MD, USA on October 3, 1995 
under ATCC Accession No. 69928. Samples of the plasmid 
pNL43dBM, contained within bacteria Escherichia coli, 
have been deposited with the ATCC, 123 01 Parklawn 
Drive, Rockville, MD, USA on October 3, 1995 under ATCC 
Accession No. 69927. Samples of the plasmid 
pNL4 3dBMtk , contained within bacteria Escherichia coli, 
have been deposited with the ATCC, 12301 Parklawn 
Drive, Rockville, MD, USA on October 3, 1995 under ATCC 
Accession No. 69929. 
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Applicant's or pint's file 
reference number 



02094. P001D 



International application No. 



INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCT Rule \jbis) 



A. The indications made below relate to the microorganism referred in in ihc description 
on page 23 . line 29 



(Jurkat cat +) 



11. IDENTIFICATION OF DEPOSIT 



l-urilier deposits are identified on .in additional sheet fr( [ 



Name of depositary institution 

American Type Culture Collection (ATCC) 



Address of depositar y institution (irxluJtng postal coJconJ country) 
ATCC 

12301 Parklawn Drive 
Rockville, Maryland 20852 
United States of America 



Dale ol deposit 

03 October 1995 (03.L0.95) 


Acce**ion Number 
ATCC NO. CRI. 119R7 


C. ADDITIONAL INDICATIONS (Lmv MuaI If not opplicuhtc) Tit is information is continued on an additional sheet [ | 



A Jurkat (tat +) T cell line (designated as 65AJT) ; a modified form of a human 

T cell line produced as described in the description at pages 12-14 . This 

cell line is useful for packaging and/or producing a recombinant HIV as 
described in the description at pages 17-18 . 

Applicant hereby desires to avail itself of the benefit of the expert option 
under Rule 28(a) EPC. 



D . D ESI GNAT El) ST A*)' KS KO U WHICH I N D I C A T I O N S A U 1 1 M A D K (ifiU- iW.r ui.*o<u ot*«otforoll Jcxi S nouJ Siatcj) 



All designated states. 



E. SEPARATE FURNISHING 01" INDIC AT I O NS (Km Mr** if »<* applicable) 



The indie.it ions listed below will be submitted to 1 lie lntcrn.iiioii.il IJurc.iu Liter (tpcctfc •th<$i'mn:tal**iu'cnfik»:t».Jicauo'iM e.g.. 'Acccsnon 
Sumhcr of Deposit ') 



Vor receiving Office use only 



This sheet was received with the international application 



Authorized officer 



| : or lnferit.iitrtii.il Durcau use only 



| | 'llii* sheet was received by ihc International Bureau on: 



Authorized olhcer 



Form I'dTKO/CM (July 1992) 
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Applicant's or agent's file 
referent* number 



02094. POOiD 



I nu*: rut ion.\ (application No. 



INDICATIONS RELATING TO A DEPOSITED MICROORCANISM 

(PCT Rule \jbis) 



A. The indications made below relate to the microorganism rcfcrrcJ to in the deser ipiion 
on page 23 .line 33 



(Jurkat cat-) 



H. IDENTIFICATION OK DEPOSIT 



Further deposits arc identified on an .iddiiion.il sheet 



Name of depositary institution 

American Type Culture Collection (ATCC) 



Address of depositary institution (i*cluJin$ postal coJc cm/ country) 
ATCC 

12301 Parklawn Drive 
Rockville, Maryland 20852 
United States of America 



l):itc of deposit 

03 October i995 (03.10.95) 


Accc^inn Number 
ATCC NO. CRL 11988 


C. ADDITIONAL INDICATIONS (We Muni ,f opplieohK) lln* information is continued on an addiuonjj sheet Q 



th±rl i U < desi S« ac *<* as 65BJ); a form of a human T cell line 

whach is available and is useful for producing the Jurkat (tat+) T cell line as 

described m pages 12-U of the description. 



D. DESIGNATED STATES KOlt WHICH INDICATIONS AUK MADE Of it* ^Jlc„uo«s. at! J«. j« W toaj 



All designated states. 



E. 5 EPA RAT \i KURNISIIINC OK INDICATIONS f/«.v hhnl if not ar pti n Mc) 



The indication* listed below will be submitted to the International Bureau later (specify ilu-s^wt nature of tiu.UJicoiio^s e.t . 'Acccuw* 

jVum/n.-' of Deposit*) 



for receiving Office use only 



PC] ^ Thi^ sheet was received with the international a|iplication 



Authorized officer 

) 



U- i<dt 



l or Interna iir»nat liurcau use only 



| [ Hi is sheet wat received by ihe International Ourca 



Auiliori/.cd officer 



form I'CT/RO/I JJ (luly 1 992} 



nwcrw^m- -nun otoao«;oa 1 i ^ 



1* 
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Applicant's or gent's file 
fctcrcnci number 



02094. P001D 



ln;c:r.atiun.i'. nppho tion No, 



INDICATIONS REI.ATING TO A DEPOSITCD iMICKOORCAMSM 

(PCT Rule \Ms) 



A. The indications m.idc below relate CO the microorganism referred to in the description 
on p.igc 2^ . hnc U 



(pNLA3) 



II. IDENTIFICATION OF DEPOSIT 



Further deposits .ire identified on an .nddition.il sheet [X | 



N.itne of depositary institution 

American Type Culture Collection (ATCC) 



Address of depositary institution (tfteluJmg pmial code and country) 

ATCC 

12301 Parklaun Drive 
■Rockvillu. Maryland 20852 
United States of America 



O.iie ol dej'OM! 

03 October 1995 (03. 10.95) 


Accc*\inn Number 

ATCC NO. 69928 


C. ADDITIONAL INDICATIONS (/i-rnvWuw 


tf not applicable) This information is continued on in additional sheet 


□ 



Bacteria with pNL63 plasmid (designated as Escherichia coli strain DH5). 
These bacteria are produced as described in the description at pages 1 4 and 2 1 • 
These bacteria are useful for producing modified versions of the pNLA3 plasmid, 
such as pNL43dBM. Applicant hereby desires to avial itself of the benefit of 
the expert option under Rule 28(A) EPC. 



D. DESIGNATED STATES FOU WHICH INDICATIONS AUK .MADE t*f ii* ±*Jlc*ho«i a,e»ot for oil designated Statu) 



All designated states. 



E . S E PAUATK I" I' UN IS I HNC OF INDICATIONS (tea* v hhnk xfnut a rr lica hU) 



The indications listed below will be submitted io the Iniermiioml (Jureau Liter (specify the general nature nf tite indication e j . 'Accessor* 
,Vurnl»ef of Deposit ') 



For receiving Office use nnly 



|^f^ This sheet w.is received with tlie intern. iiioml application 



Author i/cd officer 



For I it I er ii. M i< mi.i I Ituicju u\c only 



[ j 'Dus sheet was received by the International Ourcau on: 



Authorized officer 



Form PCT/K0/I3-: (July \ W2) 
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Applicant i or A^int'i fiL: 
reference number 



02094. P001D 



I m c r r.3< t uiu l .i }j |) I ica ( io a iN o 



INDICATIONS RELATING TO A DEPOSITED M ICU OOKC ANTS.M 

(PCT Rule llbis) 



A. The indications made below relate to ihe microorganism referred to in the description 
on page 'IL . line g ^ ' 



(pNL43dBM) 



11. IDENTIFICATION OF DEPOSIT 



Further deposits .ire identified on .in .iddition.il slicci 



N.nite of deiKVtitary institution 

American Type Culture Collection (ATCC) 



Address of depositary institution (tnttuJing postal code o<>tl country) 

ATCC 

12301 Parklawn Drive 
Rockville. Maryland 20852 
United States of America 



D:ite of deposit 

03 October 1995 (03. 10.95) 


AcccMiioit Number 

ATCC NO. 69927 


C. ADDITIONAL INDICATIONS (Lwhlu«l , 


f not jpph(uhL) Hi, i information is continued on jn additional sheet [ [ 



Bacteria with pNL43dBM plasmid (designated as Escherichia coli strain DH5). 
These bacteria are produced as described in the description at pages 14 and 21 
These bacteria are useful for producing a modified version of the pN'L43dBM 
plasmid, such as pNL43dBMtk. 

Applicant hereby desires to avail itself of the benefit of the expert option 
under Rule 28(4) EPC. 



I). DESIGNATED STATES FOlt wuicil INDICATIONS A HE M ,\ DE WtiynJ,cuM«s <m- «o« for *ll Jut S nat<J Stat^l 



All designated states. 



E. SEI'AKATE FURNISHING OF INDICATIONS fiVinv l>h«l * rP KcaU<-) 



The mdicitions. listed below will be submitted to the lnicrii.niou.il Ijureau Liter (ipcctfy ih< swul nature nfiiu.-,nj,cat<w c $ . Mr ecu* cm 
iV'u n thef of Deposit '} 



For receiving Ofltcc u^e only 



\s\ T>,; s sheet was received with the intern.ition.it application 




l or lHieriiatMin.il llureau u*c only 



| | *Mu* sheet w.n received by the lnicrn.mon.il flurciu on; 



Authorized officer 



Porni rCT7RO/l 3-1 (luly IQ92) 
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Applicant's or ageni s file 
reference number 



02094. P001D 



INDICATIONS RENTING TO A DEPOSITED M ICUOOKCaNISM 

(PCT Rule \jbi.\) 



A. The indications made below relate to the microorganism rcfcrrcJ in in the description 
ji nc 12 



on pa^e 



(pNU3dBMtk) 



'II. IDENTIFICATION OF DEPOSIT 



further deposits arc idcniificd on an .iddilion.il sheet ( | 



Name of depositary institution 

American Type Culture Collection (ATCC) 



Address of depositary institution (including postal code end country) 
ATCC 

12301 Parkiawn Drive 
Rockvillc, Maryland 20582 
United States of America 



0.i tc ol deposit 






Accession Number 




03 October 


1995 (03.10.95) 




ATCC NO. 69929 




c. ADDITIONAL 


INDICA TIONS f/eu.v Hunt * 


/ not unpttcohL-] litis intonu.iiton t\ coiiiinued on in .iddition.il sheet 


□ 



Bacteria with pNL43dBMtk plasmid (designated as Escherichia coli strain DH5). 
These bacteria are produced as described in the description at pages 14-15/21-22 
These bacteria are useful for producing the plasmid P NW3dBMtk which may then ** 
be used to create a modified HIV ("rHIV"). 

Applicant hereby desires to avail itself of the benefit of the expert option 
under Rule 28(A) EPC. 



t). DESICNATKU STATES KOIC WHICH INDICATIONS AUK Ma UK (if tixiiJiCuuons ore «# for ell delisted Simci) 



All designated states. 



K. SKI'AICATK KUUNISIIINC O I'" INDICATIONS (Luw hUni ,f nut apphcaUL) 



The indications listed below will be subtniited to lite International liure.iu later (ipcctfy tl t c ^ncr-jl nature affirm J, caiion.t c.^ . 'Ac<cii*o« 

Sumltcr of UcpOltl') 



Cot receiving; OlYice use only 



This sheet was received with the mtern.iiion.il application 



Authorised officer 

■; 



V. -uul 



Tor trueni.tiKuial llureju u.iconly 



[ ] "llus sheet was received by llie lnicrn.mpn.it Bureau on 



Authorized officer 



Porni rcr.KO/nj (juu i q q?) 
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The.se deposits with the ATCC provide for permanent 
availability of the progeny of these cell lines to the 
public on the issuance of the U.S. patent describing 
and identifying the deposit or the publication or 
laying open to the public of any US. or foreign patent 
applications, which ever comes first, and for 
availability of the progeny of these cell lines to one 
determined .by the U.S Commission of patents and 
Trademarks to be entitled thereto according to 35 USC 
Section 122 and the Commissioner's rules pursuant 
thereto. The owner of the present application has 
agreed thai if the cell lines on deposit should die or 
be lost or destroyed when cultivated under suitable 
conditions, they will be promptly replaced on 
notification with a viable culture of the same cell 
line. 

The present invention is not to be limited in 
scope by the microorganisms or cells deposited since 
the deposited embodiment is intended as a single 
illustration of one aspect of the invention and any 
microorganisms or cells or modified viruses which are 
functionally equivalent are within the scope of this 
invention. Indeed various modifications of the 
invention in addition to those shown and described 
herein will become apparent to those skilled in the art 
from the foregoing description and fall within the 
scope of the appended claims. 

Although the present invention has been described 
with preferred embodiments, it is to be understood that 
modifications and variations may be resorted to, 
without departing from the spirit and scope of this 
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invention, as those skilled in the art will readily 
understand. 

Various forms of the HIV virus may be modified, as 
described herein, to include the tk gene and to 
incapacitate the tat gene to produce an rHIV virus of 
the present invention. A search of the GenBank 
database may be performed to obtain these HIV viruses. 
As is well known, the GenBank includes many nucleotide 
sequences and is maintained by the National Center for 
Biotechnology Information (National Library of 
Medicine, National Institutes of Health) . The GenBank 
is available through the home page of the National 
Center for Biotechnology Information on the Works Wide 
Web (at the Uniform Resource Locator 
http://www.ncbi.nlm.nih.gov/) . 

A search of the GenBank for HIV which contain 
proviral sequences similar to a portion of the pNL43 
sequence was performed to obtain examples of forms of 
HIV which are expected to be compatible with the 
methods of the present invention such that these forms 
of HIV may be modified to produce a corresponding form 
of rHIV. Listed below in the accompanying Sequence 
Listing are portions of 15 examples of these forms of 
HIV. The following chart (CHART 3) identifies these 
particular examples by referring to the GenBank' s 
accession number. The, portion of the pNL43 sequence 
used to search the GenBank is shown in the accompanying 
Sequence Listing as "M19921" (SEQ.ID No: 1). 
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Accession No. Other De scription SEP. ID no. 



M19921 


HIVNL43 


1 


L31963 


HIVTH47 5A 


2 


K03455 


HIVHXB2CG 


3 


U12055 


HIV1U12055 


4 


K02013 


HIVBRUCG 


5 


M15654 


HIVBH102 


6 


104549 


European Patent 0187041 


7 


X01762 


REHTLV3 


8 


107983 


European patent 0185444 


9 


K02083 


HIVPV22 


10 


M17449 


HIVMNCG 


11 


112142 


U.S. Patent 5,420,030 


12 


M38429 


HIVJRCSF 


13 


L02317 


HIV1SG3X 


14 


M96155 


HIV1PROV 


15 
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Seauence Listing 
(1) GENERAL INFORMATION: 

(i) APPLICANTS: Syed Zaki Salhuddin and Nickolas 
Chelyapov . 

(ii) TITLE OF INVENTION: Recombinant HIV and Modified 
Packaging Cells and Method for Testing Acquired Immune 
Deficiency Syndrome 

(iii) NUMBER OF SEQUENCES : 15 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADRESSEE: Blakely, Sokoloff, Taylor & Zafman 

(B) STREET: 12400 Wilshire Boulevard, Suite 700 

(C) CITY: . Los Angeles 

(D) STATE: California 

(E) COUNTRY: U.S.A. 

(F) ZIP: 90025 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: 3.5 inch, double-sided, double- 
density disk. 

(B) OPERATING SYSTEM: Apple Macintosh. 
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(C) SOFTWARE : Microsoft Word Version 5.1a. 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: " 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(viii) ATTORNEY /AGENT INFORMATION: 

(A) NAME: James Scheller, Jr. 

(B) REGISTRATION NUMBER: 31,195 

(C) REFERENCE /DOCKET NUMBER: 02094. P0 01 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (408) 720-8598. 

(B) TELEFAX: (408) 720-9397. 



BNSCOCID: <WO 0 77005? A 1 I > 



WO 97/20052 



PCT/US96/18885 



-35- 



(2) 



INFORMATION FOR SEQ. ID NO: 1 



(i) 



SEQUENCE CHARACTERISTICS: 



(A) 



LENGTH : 



351 



(B) 



TYPE: 



Nucleic acid 



(C) STRANDEDNESS: Double- stranded 

(D) TOPOLOGY: Unknown 
(ii) MOLECULE TYPE: 

(A) DESCRIPTION: GenBank Accession No: M19921; Human 
immunodeficiency virus type 1, NY5/BRU (LAV-1) 
recombinant clone pNL4-3. 

(xi) Sequence Description: SEQ. ID NO: 1: 



GGGATACTTG GGCAGGAGTG GAAGCCATAA TAAGAATTCT GCAACAACTG 
CTGTTTATCC ' 60 

ATTTCAGAAT TGGGTGTCGA CATAGCAGAA TAGGCGTTAC TCGACAGAGG 
. AG AG C AAGAA 120 

ATGGAGCCAG TAGATCCTAG ACTAGAGCCC TGGAAGCATC CAGGAAGTCA 
GCCTAAAACT 180 

GCTTGTACCA ATTGCTATTG TAAAAAGTGT TGCTTTCATT GCCAAGTTTG 
TTTCATGACA 24 0 
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AAAGCCTTAG GCATCTCCTA TGGCAGGAAG AAGCGGAGAC AGCGACGAAG 
AGCTCATCAG 30Q 

AACAGTCAGA CTCATCAAGC TTCTCTATCA AAGCAGTAAG TAGTACATGT 



INFORMATION FOR SEQ. ID NO: 2: 
SEQUENCE CHARACTERISTICS: 
LENGTH: 3 51 
TYPE: Nucleic acid 

STRANDEDNESS: Double-stranded 
TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: 

(A) DESCRIPTION: GenBank Accession No: L31963; Human 
Iminunodef iciency virus type 1 (individual isolate: TH4- 
7-5) gene. 

(xi) SEQUENCE DESCRIPTION: SEQ. ID NO: 2: 



(2) 

(i) 
(A) 
(B) 
(C) 
(D) 
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GGGATACTTG GGCAGGAGTG GAAGCCATAA TAAGAATTCT GCAACAACTG 
CTGTTTATCC 60 

ATTTCAGAAT TGGGTGTCGA CATAGCAGAA TAGGCGTTAC TCAACAGAGG 
AGAGCAAGAA 120 

ATGGAGCCAG TAGATCCTAG ACTAGAGCCC TGGAAGCATC CAGGAAGTCA 
GCCTAAAACT 180 

GCTTGTACCA CTTGCTATTG TAAAAAGTGT TGCTTTCATT GCCAAGTTTG 
TTTCATGACA 2 40 

AAAGCCTTAG GCATCTCCTA TGGCAGGAAG AAGCGGAGAC AGCGACGAAG 
AGCTCATCAG 300 

AACAGTCAGA CTCATCAAGC TTCTCTATCA AAGCAGTAAG TAGTACATGT 
A 351 



(2) INFORMATION FOR SEQ . ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 351 

(B) TYPE: Nucleic acid 

(C) STRANDEDNESS: Double- stranded 

(D) TOPOLOGY: . Unknown 



W ° 97/20052 PCT/US96/18885 



-38- 

(ii) MOLECULE TYPE: 

(A) DESCRIPTION: GenBank Accession No: K03455; Human 
immunodeficiency virus type 1 (HXB2) , complete genome; 
HIV1/HTLV-III/LAV reference genome. 

(Xi> SEQUENCE DESCRIPTION: SEQ.IDNO: 3: 



GGGATACTTG GGCAGGAGTG GAAGCCATAA TAAGAATTCT GCAACAACTG 
CTGTTTATCC 60 

ATTTCAGAAT TGGGTGTCGA CATAGCAGAA TAGGCGTTAC TCGACAGAGG 
AGAGCAAGAA 120 

ATGGAGCCAG TAGATCCTAG ACTAGAGCCC TGGAAGCATC CAGGAAGTCA 
GCCTAAAACT 180 

GCTTGTACCA ATTGCTATTG TAAAAAGTGT TGCTTTCATT GCCAAGTTTG 
TTTCATAACA 240 

AAAGCCTTAG GCATCTCCTA TGGCAGGAAG AAGCGGAGAC AGCGACGAAG 
AGCTCATCAG . 300 

AACAGTCAGA CTCATCAAGC TTCTCTATCA AAGCAGTAAG TAGTACATGT 
A 351 
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(2) INFORMATION FOR SEQ. ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 51 

(B) TYPE: Nucleic acid 

<C) STRANDEDNESS : Double-stranded 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: 

(A) DESCRIPTION: GenBank Accession No: U12055; Human 
immunodeficiency virus type 1 isolate LW12.3 from 
infected lab worker, complete genome. 



(xi) SEQUENCE DESCRIPTION: SEQ. ID NO: 4: 



GGGATACTTG GGCAGGAGTG GAAGCCATAA TAAGAATTCT GCAACAACTG 
CTGTTTACCC 60 

ATTTCAGAAT TGGGTGTCGA CATAGCAGAA TAGGCGTTAC TCGACAGAGG 
AGAGCAAGAA 120 

ATGGAGCCAG TAGATCCTAG ACTAGAGCCT TGGAAGCATC CAGGAAGTCA 
GCCTAAAACT n pn 
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GCTTGTACCA ATTGCTATTG TAAAAAGTGT TGCTTTCATT GCCAAGTTTG 
TTTCATAACA 24 0 

AAAGCCTTAG GCATCTCCTA TGGCAGGAAG AAGCGGAGAC AGCGACGAAG 
ACCTCCTCAA 300 

AGCAGTCAGA CTCATCAAGT TTCTCTATCA AAGCAGTAAG TAGTACATGT 
A 351 



(2) INFORMATION FOR SEQ. ID NO:' 5: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 351 

(B) TYPE: Nucleic acid 

(C) STRANDEDNESS: Double- stranded 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: 

(A) DESCRIPTION: GenBank Accession No: K02 013; Human 
immunodeficiency virus type 1, isolate BRU, complete 
genome (LAV-1 ) . 

(xi) SEQUENCE DESCRIPTION: SEQ. ID NO: 5: 
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GGG AT ACTTG GGCAGGAGTG GAAGCCATAA TAAGAATTCT GCAACAACTG 
CTGTTTATCC 60 

ATTTCAGAAT TGGGTGTCGA CATAGCAGAA TAGGCGTTAC TCAACAGAGG 
AGAGCAAGAA 120 

ATGGAGCCAG TAGATCCTAG ACTAGAGCCC TGGAAGCATC CAGGAAGTCA 
GCCTAAAACT 180 

GCTTGTACCA CTTGCTATTG TAAAAAGTGT TGCTTTCATT GCCAAGTTTG 
TTTCACAACA 240 

AAAGCCTTAG GCATCTCCTA TGGCAGGAAG AAGCGGAGAC AGCGAGGAAG 
ACCTCCTCAA 3 00 

GGCAGTCAGA CTCATCAAGT TTCTCTATCA AAGGAGTAAG TAGTACATGT 
A 351 



(2) INFORMATION FOR SEQ . ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 351 

(B) TYPE: Nucleic acid 

(C) * STRANDEDNESS : Double-stranded 
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(D) TOPOLOGY: Unknown 



(ii) MOLECULE TYPE: 



(A) DESCRIPTION: GenBank Accession No: M15654; Human 
immunodeficiency virus type 1, isolate BH10, genome. 



(xi) SEQUENCE DESCRIPTION: SEQ. ID NO: 6: 



GGGAT AC TTG GGCAGGAGTG GAAGCCATAA TAAGAATTCT GCAACAACTG 
CTGTTTATCC . 60 

ATTTCAGAAT TGGGTGTCGA CATAGCAGAA TAGGCGTTAC TCGACAGAGG 
AGAGCAAGAA 12 0 



ATGGAGCCAG TAGATCCTAG ACTAGAGCCC TGGAAGCATC CAGGAAGTCA 
GCCTAAAACT 180 

GCTTGTACCA ATTGCTATTG TAAAAAGTGT TGCTTTCATT GCCAAGTTTG 
TTTCATAACA 240 

AAAGCCTTAG GCATCTCCTA TGGCAGGAAG AAGCGGAGAC AGCGACGAAG 
ACCTCCTCAA 3 00 

GGCAGTCAGA CTCATCAAGT TTCTCTATCA AAGCAGTAAG TAGTACATGT 
A 351 
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INFORMATION FOR SEQ. ID NO: 7: 



(i) SEQUENCE CHARACTERISTICS: 



(A) LENGTH: 



351 



(B) 



TYPE: 



Nucleic acid 



(C) STRANDEDNESS: Double- stranded 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: 

(A) DESCRIPTION: GenBank Accession No: 104549; - 
Sequence 11 from patent EP 0187041 

(xi) SEQUENCE DESCRIPTION: SEQ. ID NO: 7: 

GGGATACTTG GGCAGGAGTG GAAGCCATAA TAAGAATTCT GCAACAACTG 
CTGTTTATCC 60 

ATTTCAGAAT TGGGTGTCGA CATAGCAGAA TAGGCGTTAC TCGACAGAGG 
AGAGCAAGAA 120 

ATGGAGCCAG TAGATCCTAG ACTAGAGCCC TGGAAGCATC CAGGAAGTCA 
GCCTAAAACT 180 
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GCTTGTACCA ATTGCTATTG TAAAAAGTGT TGCTTTCATT GCCAAGTTTG 

TTTCATAACA 240 

AAAGCCTTAG GCATCTCCTA TGGCAGGAAG AAGCGGAGAC AGCGACGAAG 

ACCTCCTCAA 3 00 

GGCAGTCAGA CTCATCAAGT TTCTCTATCA AAGCAGTAAG TAGTACATGT 

A 351 



(2) INFORMATION FOR SEQ . ID NO: 8: 

( i ) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 351 

(B) TYPE: Nucleic acid 

(C) STRANDEDNESS : Double- stranded 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: 

(A) DESCRIPTION: GenBank Accession No: X01762; Human 
T-cell leukemia type III (HTLV-III) proviral genome 
(AIDS virus for acquired immune deficiency syndrome) 
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(xi) SEQUENCE DESCRIPTION: SEQ.ID NO. 8: 



GGGATACTTG GGCAGGAGTG GAAGCCATAA TAAGAATTCT GCAACAACTG 
CTGTTTATCC 50 

ATTTCAGAAT TGGGTGTCGA CATAGCAGAA TAGGCGTTAC TCGACAGAGG 
AGAGCAAGAA 120 

ATGGAGCCAG TAGATCCTAG ACTAGAGCCC TGGAAGCATC CAGGAAGTCA 
GCCTAAAACT 180 

GCTTGTACCA ATTGCTATTG TAAAAAGTGT TGCTTTCATT GCCAAGTTTG 
TTTCATAACA 240 

AAAGCCTTAG GCATCTCCTA TGGCAGGAAG AAGCGGAGAC AGCGACGAAG 
ACCTCCTCAA 300 

GGCAGTCAGA CTCATCAAGT TTCTCTATCA AAGCAGTAAG TAGTACATGT 
A 351 



(2) INFORMATION FOR SEQ. ID NO; 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 51 

(B) TYPE: Nucleic acid 

(C) STRANDEDNESS: Double-stranded 
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(D) TOPOLOGY: Unknown 
(ii) MOLECULE TYPE: 

(A) DESCRIPTION: GenBank Accession No: 1079083; 
Sequence 1 from patent EP 0185444 



(xi) SEQUENCE DESCRIPTION: SEQ.ID NO: 9: 



GGGATACTTG GGCAGGAGTG GAAGCCATAA TAAGAATTCT GCAACAACTG 
CTGTTTATCC 60 

ATTTCAGAAT TGGGTGTCGA CATAGCAGAA ' TAGGCGTTAC TCGACAGAGG 
AGAGCAAGAA . ' 12 0 



ATGGAGCCAG TAGATCCTAG ACTAGAGCCC TGGAAGCATC CAGGAAGTCA 
GCCTAAAACT 180 

GCTTGTACCA ATTGCTATTG TAAAAAGTGT TGCTTTCATT GCCAAGTTTG 
TTTCATAACA 240 

AAAGCCTTAG GCATCTCCTA TGGCAGGAAG AAGCGGAGAC AGCGACGAAG 
ACCTCCTCAA 300 

GGCAGTCAGA CTCATCAAGT TTCTCTATCA AAGCAGTAAG TAGTACATGT 
A 351 
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(2) 



INFORMATION FOR SEQ. ID NO: 10: 



(i) "SEQUENCE CHARACTERISTICS: 



(A) 



LENGTH : 



351 



(B) 



TYPE: 



Nucleic acid 



(C) . STRANDEDNESS : Double-stranded 

(D) TOPOLOGY:. Unknown 



(ii) MOLECULE TYPE: 

(A) DESCRIPTION: GenBank Accession No: K02083; Human 
immunodeficiency virus type 1, isolate PV22, complete 
genome (H9/HTLV-III proviral DNA) . 

(xi) SEQUENCE DESCRIPTION: SEQ. ID NO: 10: 

GGGATACTTG GGCAGGAGTG GAAGCCATAA TAAGAATTCT GCAACAACTG 
CTGTTTATCC 60 , 

ATTTCAGAAT TGGGTGTCGA CATAGCAGAA TAGGCGTTAC TCGACAGAGG 
AGAGCAAGAA 120 

ATGGAGCCAG TAGATCCTAG ACTAGAGCCC TGGAAGCATC .CAGGAAGTCA 
GCCTAAAACT * 180 
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GCTTGTACCA ATTGCTATTG TAAAAAGTGT TGCTTTCATT GCCAAGTTTG 
TTTCATAACA 

240 

AAAGCCTTAG GCATCTCCTA TGGCAGGAAG AAGCGGAGAC AGCGACGAAG 
ACCTCCTCAA 3Q0 

GGCAGTCAGA CTCATCAAGT TTCTCTATCA AAGCAGTAAG TAGTACATGT 
A 351 



(2) INFORMATION FOR SEQ . ID NO: 11; 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 51 

(B) TYPE: Nucleic acid 

(C) STRANDEDNESS : Double- stranded 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: 

(A) DESCRIPTION: GenBank Accession No: M17449; HIV- 
1, isolate MN 
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(xi) SEQUENCE DESCRIPTION: SEQ.ID NO: 11: 

GGGATACTTG ' GGCAGGAGTG GAAGCCATAA TAAGAATTCT ACAACAACTG 
CTGTTTATTC 60 

ATTTCAGAAT TGGGTGTCGA CATAGCAGAA TAGGCATTAT TCGACAGAGG 
AGAGCAAGAA 120 

ATGGAGCCAG TAGATCCTAG ACTAGAGCCC TGGAAGCATC CAGGAAGTCA 
GCCTAAGACT 180 

GCTTGTACCA CTTGCTATTG TAAAAAGTGT TGCTTTCATT GCCAAGTTTG 
TTTCACAAAA 240 

AAAGCCTTAG GCATCTCCTA TGGCAGGAAG AAGCGGAGAC AGCGACGAAG 
AGCTCCTGAA 3 00 

GACAGTCAGA CTCATCAAGT TTCTCTACCA AAGCAGTAAG TAGTACATGT 
A 351 



(2) INFORMATION FOR SEQ . ID NO: 12: 

( i ) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 3 51 

(B) TYPE: Nucleic acid 

( C ) STRANDEDNES S : Doub 1 e - s t r anded 
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(D) TOPOLOGY: Unknown 



(ii) MOLECULE TYPE: 

(A) DESCRIPTION: GenBank Accession No: 112142; 
Sequence 1 from U.S. Patent No. 5,420,030. 



(xi) SEQUENCE DESCRIPTION: SEQ.ID NO: 12: 

GGGATACTTG 
CTGTTTATTC 

ATTTCAGAAT 
AGAGCAAGAA 

ATGGAGCCAG TAGATCCTAG ACTAGAGCCC TGGAAGCATC CAGGAAGTCA 
GCCTAAGACT 180 

GCTTGTACCA CTTGCTATTG TAAAAAGTGT TGCTTTCATT GCCAAGTTTG 
TTTCACAAAA 240 

AAAGCCTTAG GCATCTCCTA TGGCAGGAAG AAGCGGAGAC AGCGACGAAG 
AGCTCCTGAA 300 

GACAGTCAGA CTCATCAAGT TTCTCTACCA AAGCAGTAAG TAGTACATGT 
A 351 



GGCAGGAGTG GAAGCCATAA TAAGAATTCT ACAACAACTG 

60 



TGGGTGTCGA CATAGCAGAA TAGGCATTAT TCGACAGAGG 

120 
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(2) 



INFORMATION FOR SEQ . ID NO: 13: 



(i) 



SEQUENCE CHARACTERISTICS: 



(A) 



LENGTH : 



351 



(B) 



TYPE: 



Nucleic acid 



(C) STRANDEDNESS : Double- stranded 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: 

(A) DESCRIPTION: GenBank Accession No: M38429; Human 
immunodeficiency virus type 1, isolate JRCSF, complete 



(xi) SEQUENCE DESCRIPTION: SEQ. ID NO: 13: 



GGGATACTTG GGCAGGAGTG GAAGCCATAA TAAGAATACT GCAACAGCTG 
CTGTTTATTC 60 

ATTTCAGAAT TGGGTGTCGA CATAGCAGAA TAGGCATTAC TCGACAGAGG 
AGAGCAAGAA 12 q 

ATGGAGCCAG TAGATCCTAG CCTAGAGCCC TGGAAGCATC CAGGAAGTCA 
GCCTAAGACT ion 



genome . 
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GCTTGTACCA ATTGCTATTG TAAAAAGTGT TGCCTTCATT GCCAAGTTTG 

TTTCACAACA 24 0 

AAAGGCTTAG GCATCTCCTA TGGCAGGAAG AAGCGGAGAC AGCGACGAAG 

ACCTCCTCAA 300 

GACAGTCAGA CTCATCAAGT TTCTCTACCA AAGCAGTAAG TAGTGCATGT 

A 351 



(2) INFORMATION FOR SEQ. ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: ' 351 

(B) TYPE: Nucleic acid 

<C) STRANDEDNESS: Double- st randed 

(D) TOPOLOGY: Unknown 

<ii) MOLECULE TYPE: 

(A) DESCRIPTION: GenBank Accession No: L02317; Human 
immunodeficiency virus type 1 
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(xi) SEQUENCE DESCRIPTION: SEQ.ID NO: 14: 



GGGATACTTG GGCAGGAGTG GAAGCCCTAG TAAGAACTCT GCAACAACTG 
CTGTTTACTC 60 

TTTTCAGAAT TGGGTGTCGA CATAGCAGAA TAGGCATTAC TCAACGAAGA 
AGAGCAAGAA 120 

ATGGAGCCAG TAGATCCTAG ACTAGAGCCC TGGAAGCATC CAGGAAGCCA 
GCCTAAAACT 180 

GCTTGTACCA AATGCTATTG TAAAAAGTGT TGCTTACATT GCCAAGTTTG 
TTTCATGACA ' - ; 240 

AAAGGCTTAG GCATCTCCTA TGGCAGGAAG AAGCGGAGAC AGCGACGAAG 
AGCTCCTCAA 3 00 

GACAGTCAGA CTCATCAAGC TTCTCTATCA AAGCAGTAAG TAGTGCATGT 

351 



(2) INFORMATION FOR SEQ . ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 351 

(B) TYPE: Nucleic acid 

(C) STRANDEDNESS : Double- stranded 
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(D) TOPOLOGY: Unknown 



(ii) MOLECULE TYPE: 



(A) DESCRIPTION: GenBank Accession No: M96155; Human 
immunodeficiency virus type 1 proviral DNA encoding the 
vif , vpr, vpu, env, tat, rev, arid nef genes, complete 
cds , and 3 ' LTR. 



(xi) SEQUENCE DESCRIPTION: SEQ.ID NO: 15: 



GGGATACTTG GACAGGAGTG GAAGCCTTAA TAAGAATTCT GCAACAACTG 

CTGTTTATTC 60 

ATTTCAGAAT TGGGTGTCGA CATAGCAGAA TAGGCATTAT TCAACACAGG 

AGAACAAGAA 12 0 

ATGGAGCCAG T AAAT C C TAG CCTAGAGCCC TGGAAGCATC CAGGAAGTCA 

GCCTAAAACT 180 

GCTTGTACCA ATTGCTATTG CAAAAAATGT TGCTTTCATT GCCAAGCTTG 

TTTCATAACA - 2 4 0 

AAAGGCTTAG GCAT'CTCCTA TGGCAGGAAG AAGCGGAGAC AGCGACGAAG 

ACCTCCTCAA 300 

GACAGTCAGA CTCATCAAGT TTCTCTATCA AAGCAGTAAG TAGTACATGT 

A 351 
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CLMMS 

1. A method for treating acquired immune 
deficiency disease in a human caused by human 
immunodeficiency virus (HIV), said method comprising: 

administering a composition comprising a 
modified human immunodeficiency virus (modified HIV) 
having a gene which encodes a viral thymidine kinase, 
said modified HIV being unable to express at least one 
functional regulatory gene product; and 

administering a nucleoside analog. 

2 . A method as in claim 1 wherein said 
nucleoside analog comprises one of Acyclovir or 
Gancyclovir. 

3 . A method as in claim 1 wherein said 
functional regulatory gene product is the expressed 
gene product of the tat gene of the HIV genome. 

4 . A method as in claim 1 wherein said 
functional regulatory gene product is the expressed 
gene product of the rev gene of the HIV genome. 

5. A method as in claim 1 wherein said 
nucleoside analog is selected from the group comprising 
Acyclovir and Gancyclovir, and wherein said modified 
HIV is unable to eixpress functional gene products of 
the tat and rev genes of the HIV genome. 

6. A method as in claim 1 wherein said modified 
HIV is unable to replicate in a cell without the 
presence of a wild-type HIV. 
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7. A method as in claim 1 wherein said modified 
HIV is harvested from a modified mammalian cell having 
a tat HIV regulatory gene in the genome of said 
modified mammalian cell. 

8. A method as in claim 7 wherein said modified 
mammalian cell is a human T-cell. 

9. A method as in claim 7 wherein said modified 
mammalian cell is a human B-cell. 

10. A method as in claim 1 wherein said modified 
HIV infects human T-cells which have been previously 
infected by wild-type HIV. 

11. A method of treating human immumodef iciency 
virus (HIV) infection in a human, said method 
comprising: 

administering a composition comprising a 
modified human immunodeficiency virus (modified HIV) 
having a gene, which when expressed in a cell which is 
infected by HIV, causes at least a portion of cells 
which are infected by HIV to be killed. 

12. A method as in claim 11 further comprising: 
administering an agent which in combination 

with an expressed product of said gene causes said 
portion of cells, to be killed. 

13. A method as in claim 12 wherein said agent is 
a nucleoside analog and wherein said gene encodes a 
kinase enzyme . 
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14. A method as in claim 11 wherein said modified 
HIV is unable to replicate in a cell without the 
presence of a wild-type HIV. 

15. A method as in claim 11 wherein said modified 
HIV is unable to express at least one functional 
regulatory gene product, 

16. A method as in claim 15 wherein said 
functional regulatory gene product comprises one of the 
tat and "the rev genes of the HIV genome. 

17. A method as in claim 16 further comprising: 
harvesting said modified HIV from a modified 

mammalian cell- line having said one of the tat and the 
rev genes in the genome of said modified mammalian 
cell-line. 

18. A modified human immunodeficiency virus 
(modified HIV) comprising in its genome a chimeric 
recombinant gene construction including a foreign gene, 
said chimeric recombinant gene construction being 
effective in human cells infected with a human 
immunodeficiency virus (HIV) to express a gene product 
coded by the foreign gene, said gene product being 
capable of causing at least a portion of human cells 
infected by HIV to be killed. 

19. A modified HIV as in claim 18 wherein said 
modified HIV is unable to express at least one . 
functional regulatory gene product of the genome of 
HIV. 
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20. A modified HIV as in claim 19 wherein said at 
least one functional regulatory gene product is 
selected from the group consisting of the tatand the 
rev genes in the genome of HIV. 

21. A modified HIV as in claim- 18 wherein said 
gene product is a kinase enzyme. 

22. A modified HIV as in claim 21 wherein said 
kinase enzyme is thymidine kinase. 

23. A modified HIV as in claim 21 wherein the 
genome of said modified HIV does not include a 
functional regulatory gene which codes for a functional 
regulatory gene product of the genome of HIV. 

24. A modified HIV as in claim 23 wherein said 
functional regulatory gene is selected from the group 
consisting of the tat and the rev genes in the genome 
of HIV. 

25. A modified HIV as in claim 20 wherein said 
gene product is a kinase enzyme and wherein said 
modified HIV is unable to replicate in a cell without 
the presence of a wild-type HIV. 

26. A modified HIV as in claim 20 wherein said 
chimeric recombinant gene construction includes 
promoter and control sequences. 

27. A modified HIV as in claim 20 wherein said 
modified HIV is harvested from a modified mammalian 
cell having at least one of the tat and the rev genes 
in the genome of said modified mammalian cell. 
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28. A modified HIV as in claim 27 wherein said 
gene product is thymidine kinase enzyme and wherein 
said gene product kills said portion of human cells 
wherein combined with a nucleoside analog. 

29. A method for treating acquired immune 
deficiency disease in a human caused by human 
immunodeficiency virus (HIV) , said method comprising: 

administering to said human a composition 
comprising one of Acyclovir or Gancyclovir; and 

administering a composition capable of 
providing viral thymidine kinase in said human. 

30. A method as in claim 29 wherein said 
composition capable of providing viral thymidine kinase 
comprises a modified human immunodeficiency virus 
(modified HIV) having a gene which encodes said viral 
thymidine kinase, said modified HIV being unable to 
express at least one functional regulatory- gene 
product . 

31. A method as in claim 29 wherein said 
composition capable of providing viral thymidine kinase 
comprises a saline solution of viral thymidine kinase, 
and wherein said step of administering comprises 
injecting said solution into a patient. 

32. A method as in claim 30 wherein said at least 
one functional regulatory gene product is the expressed 
gene product of the tat gene of the HIV genome. 
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33. A method as in claim 30 wherein said modified 
HIV is unable to replicate in a cell without the 
presence of a wild-type HIV. 

34. A method for producing a modified human 
immunodeficiency virus (modified HIV) comprising: 

producing a plurality of modified HIV in a 
modified mammalian cell, said modified HIV having a 
gene which encodes a foreign gene product and being 
unable to express at least one functional regulatory 
gene product, said modified mammalian cell having a 
gene which encodes said at least one functional 
regulatory gene product. 

35. A method as in claim 34 further comprising 
harvesting said plurality of modified HIV from said 
modified mammalian cell. 

36. A method as in claim 35 wherein said step of 
producing is performed in tissue culture and wherein 
said modified mammalian cell is from a human T cell- 
line. 

37. A method as in claim 36 wherein said foreign 
gene product is a kinase enzyme and said functional 
regulatory gene product is a tat protein of a human 
immunodeficiency virus. 

38. A method as in claim 37 wherein said kinase 
enzyme is thymidine kinase. 

39. A modified human immunodef icency virus 
(modified HIV) produced by a process comprising: 
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culturing a modified mammalian cell, said 
modified mammalian cell having a gene which encodes at 
least one functional regulatory gene product of HIV; 

producing a plurality of modified HIV in said 
modified mammalian cell, said modified HIV having a 
gene which encodes a viral thymidine kinase and being 
unable to express said at least one functional 
regulatory gene product of HIV. 

40. A modified HIV produced by a process as in 
claim 39, wherein prior to culturing said modified 
mammalian cell, said modified mammalian cell was 
transfected with a vector containing the genome of said 
modified HIV. . 

41. A modified HIV produced by a process as in 
claim 39 further comprising harvesting said plurality 
of modified HIV from said modified mammalian cell. 

42. A modified HIV produced by a process as in 
claim 39 wherein said modified mammalian cell is from a 
human T cell line. 

43. A modified HIV produced by a process as in 
claim 39 wherein said at least one functional 
regulatory gene product of HIV is the tat gene product. 

44. A modified HIV produced by a process as in 
claim 39 wherein said modified HIV is unable to 
replicate in a mammalian cell without the presence of 
wild-type HIV. 
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7. The conditionally replicating viral vector of 
claim 4, wherein the catalytic domain of said ribozyme 
cleaves the nucleotide sequence of SEQ ID NO: 3. 

8. The conditionally replicating viral vector of 
claim 4, wherein said ribozyme is encoded by a sequence 
selected from the group consisting of SEQ ID NO: 4 and - 
SEQ ID NO: 5, 

9. The conditionally replicating viral vector of 
claim 5, wherein said wild-type strain of virus comprises 
a nucleotide sequence encoded by SEQ ID NO: 1 and. said 
vector, if DNA, comprises a nucleotide sequence selected 
from the group consisting of SEQ ID NOS: 2, 4, 5, 6, 7, 
15, 16, 17 and 18, and said vector, if RNA, comprises a 
nucleotide sequence encoded by a nucleotide sequence 
selected from the group consisting of SEQ ID NOS: 2, 4, 

5, 6, 7, 15, 16, 17 and 18. 

10. The conditionally replicating viral vector of 
claim 5, wherein said vector lacks the tat gene and its 
splice site from the genome of the human immunodeficiency 
virus, wherein said human immunodeficiency virus is wild- 
type. 

11. The conditionally replicating viral vector of 
claim 10, wherein, in place of said tat gene and its 
splice site, said vector comprises a triple anti-Tat 
ribozyme cassette, wherein the catalytic domain of each 
ribozyme of the triple ribozyme cassette cleaves a 
different site on a wild-type human immunodeficiency 
viral nucleic acid molecule. 

12. The conditionally replicating viral vector of 
claim 11, wherein said wild-type human immunodeficiency 
viral nucleic acid molecule comprises tat and the 
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catalytic domain of each ribozyme of the triple ribozyme 
cassette cleaves a different site within tat. 

13. The conditionally replicating viral vector of 
claim 11, wherein the catalytic domain of each ribozyme 
cleaves a nucleotide sequence in a region of a nucleic 
acid molecule of wild-type human immunodeficiency virus 
for which there is no ribozyme-resistant counterpart in 
the vector, itself. 

14. A conditionally replicating viral vector, which 
is characterized by a capacity to replicate only in a 
host cell that is permissive for replication of said 
vector, and wherein said vector comprises at least one 
nucleic acid sequence, the presence, transcription or 
translation of which confers to a host cell, which is 
infected with said vector, a selective advantage over a 
cell infected with a wild-type strain of virus 
corresponding to the virus from which said vector was 
derived or a helper. 



15. The conditionally replicating viral vector of 
claim 14, wherein said at least one nucleic acid sequence 
comprises a nucleotide sequence encoding a multidrug 

25 resistance. 

16. The conditionally replicating viral vector of 
claim 15, wherein said vector is derived from a human 
immunodeficiency virus. 

30 

17. The conditionally replicating viral vector of 
claim 15, wherein said vector is derived from a 
Togaviridae. 

35 18 • The conditionally replicating viral vector of 

claim 16, wherein said at least one nucleic acid sequence 
comprises a nucleotide sequence selected from the group 
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consisting of a nucleotide sequence encoding a mutant 
protease and a nucleotide sequence encoding a mutant 
reverse transcriptase. 

5 19. The conditionally replicating viral vector of 

claim 1, wherein said vector further comprises at least 
one additional nucleic acid sequence, the presence, 
transcription or translation of which confers to a host 
cell, which is infected with said vector, a selective 
10 advantage over a cell infected with a wild-type strain of 
virus corresponding to the virus from which said vector 
was derived or a helper. 

20. The conditionally replicating viral vector of 
15 claim 19, wherein said at least one additional nucleic 

acid sequence comprises a sequence encoding a multidrug 
resistance. 

21. The conditionally replicating viral vector of 
20 claim 19, wherein said vector is derived from a human 

immunodeficiency virus. 

22. The conditionally replicating viral vector of 
claim 19, wherein said vector is derived from a 

25 Tpgaviridae. 

23. The conditionally replicating viral vector of 
claim 21, wherein said at least one additional nucleic 
acid sequence comprises a nucleotide sequence selected 

30 from the group consisting of a nucleotide sequence 

encoding a mutant protease and a nucleotide sequence 
encoding a mutant reverse transcriptase . 

24. The conditionally replicating viral vector of 
35 claim 23, wherein said vector is selected from the group 

consisting of crHIV-1.1, crHIV-1.11, crHIV-1.12, and 
crHIV-1.111. 
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25. A pharmaceutical composition comprising 
vector of claim 1 and a pharmaceutical ly acceptabl 
carrier. 



26. A pharmaceutical composition comprising 
vector of claim 14 and a pharmaceutical^ acceptabl 



a 

e 



carrier, 



10 27. A pharmaceutical composition comprising 

vector of claim 19 and a pharmaceutical ly acceptabl 



a 

e 



carrier. 



28. A host cell comprising a vector. of claim 1. 

29. A host cell comprising a vector of claim 14. 

30. A host cell comprising a vector of claim 19. 

20 31. A vector, wherein said vector, if DNA, 

comprises a nucleotide sequence selected from the group 
consisting of SEQ ID NOS: 2, 4, 5, 6, 7, 15, 16, 17 and 
18 and wherein said vector, if RNA, comprises a 
nucleotide sequence encoded by a nucleotide sequence 
selected from the group consisting of SEQ ID NOS: 2, 4, 
5, 6, 7, 15, 16, 17 and 18. 

32. A method of engendering a vector, which is 
derived from a wild-type human immunodeficiency virus and 
which is capable of replicating only in a host cell that 
is permissive for replication of said vector, with a 
ribozyme, which is comprised within or encoded by said 
vector and which cleaves a nucleic acid of a wild-type 
human immunodeficiency virus but not the vector, itself, 
and its transcripts, if any, which method comprises: 

(a) obtaining a vector, which is derived from a 
wild-type human immunodeficiency virus and which is 
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capable of replicating only in a host cell that is 
permissive for replication of said vector; and 

(b) incorporating into the vector of (a) a nucleic 
acid sequence, which comprises or encodes/ in which case 
5 it also expresses, a ribozyme, the catalytic domain of 
which cleaves a nucleic acid of a wild-type human 
immunodeficiency virus but not the vector, itself, and 
its transcripts, if any.. 

10 33. The method of claim 32, wherein step (b) 

. comprises: 

(i) deleting from said vector a nucleotide sequence 
comprising or encoding the U5 sequence of the wild-type 
human immunodeficiency virus; and 

15 (ii) inserting into the. vector of (i) a nucleotide 

sequence selected from the group consisting of SEQ ID 
NOS: 2, 6, 7, 15, 16, 17 and 18, if the vector is DNA, 
and a nucleotide sequence encoded by a nucleotide 
sequence selected from the group consisting of SEQ ID 

20 NOS: 2, 6, 7, 15, 16, 17 and 18/ if the vector is RNA. 

34. The method of claim 32, wherein said vector 
replicates in a host cell permissive for replication of 

25 said vector more than once. 

35. A method of modifying a vector, which method 
comprises : 

(a) obtaining a vector; and 

30 (b) introducing into the. vector of (a) a nucleotide 

sequence selected from the group consisting of the DNA 
sequences of SEQ ID NOS: 2, 4, 5, 6, 7, 15, 16, 17 and 
18, if the vector is DNA, and a nucleotide sequence 
encoded by a nucleotide sequence selected from the group 

35 consisting of SEQ ID NOS: 2, 4, 5, 6, 7, 15, 16, 17 and 
18, if the vector is RNA. 
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36. A method of propagating and selectively 
packaging a conditionally replicating vector without 
using a packaging cell line, which method comprises: 

(a) contacting the conditionally replicating vector 
with a cell capable of being infected by another vector, 
which is the same type of vector as the conditionally 
replicating vector and which differs from the 
conditionally replicating vector by being wild-type for 
replication competency; 

(b) contacting the cell of (a) with said another 
vector of (a) ; and 

(c) culturing the cell of (b) under conditions 
conducive to the propagation of said conditionally 
replicating vector. 

37. An isolated and purified nucleic acid molecule 
selected from the group consisting of a DNA molecule 
comprising a nucleotide sequence selected from the group 
consisting of SEQ ID NOS: 2, 6, 7, 15, 16, 17 and 18 and 
a RNA molecule comprising a nucleotide sequence encoded 
by a nucleotide sequence selected from the group 
consisting of SEQ ID NOS: 2, 6, 7, 15, 16, 17 and 18. 

38. A method of inhibiting the replication of a 
wild-type strain of a virus in a host cell, which method 
comprises contacting the host cell, which is capable of 
being infected with the wild-type strain of the virus, 
with a vector of claim 1, the presence, transcription or 
translation of which inhibits the replication of the 
wild-type strain of virus in the host cell. 

39. A method of inhibiting the replication of a 
wild-type strain of a virus in a host cell, which method 
comprises contacting the host cell, which is capable of 
being infected with the wild-type strain of the virus, 
with a vector of claim 14, the presence, transcription or 
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translation of which inhibits the replication of the 
wild-type strain of virus in the host cell. 

40. A method of inhibiting the replication of a 

5 wild-type strain of a virus in a host cell, which method 
comprises contacting the host cell, which is capable of 
being infected with the wild-type strain of the virus, 
with a vector of claim 19, the presence, transcription or 
translation of which inhibits the replication of the 
10 wild-type strain of virus in the host cell. 

41. A method of inhibiting the replication of a 
wild-type strain of a virus in a host cell, which method 
comprises • contacting the host cell, which is capable of 

15 being infected with the wild-type strain of the virus, 

with a vector of claim 13, the presence, transcription or 
translation of which inhibits the replication of the 
wild-type strain of virus in the host cell. 

20 42. The method of claim 41, which additionally 

comprises contacting the host cell' with an agent selected 
from the group consisting of a cytotoxic drug, a protease 
inhibitor, and a reverse transcriptase inhibitor. 

25 43. A method of inhibiting the replication of a 

wild-type strain of a virus in a host cell, which method 
comprises contacting the host cell, which is capable of 
being infected with the wild-type strain of the virus, 
with a vector of claim 18, the presence, transcription or 

30 translation of which inhibits the replication of the 
wild-type strain of virus in the host cell. 

44. The method of claim 43, which additionally 
comprises contacting the host cell with an agent selected 
35 from the group consisting of a cytotoxic drug, a protease 
inhibitor, and a reverse transcriptase inhibitor. 



SUBSTITUTE SHEET (RULE 26) 



(NSDOCID: <WO . 9720060A1 I > 



WO 97/20060 



PCT/US96/18997 



10 



15 



96 

45. The method of claim 38, wherein said virus 
causes cancer. 

46. The method of claim 38, wherein said host cell 
has not yet come into contact with said wild-type strain 
of virus and wherein said method additionally comprises 
contacting said host cell with a helper-expression 
vector, wherein said helper-expression vector complements 
said conditionally replicating viral vector for its 
inability to replicate. 

47. The method of claim 46, wherein said helper- 
expression vector complements said conditionally 
replicating viral vector in a cell-specific manner. 

48. A method of expressing a gene of interest in a 
host cell, which method comprises: 

(a) contacting said host cell with a conditionally 
replicating viral vector of claim 1, wherein said viral 
vector further comprises the gene of interest and is 
capable of expressing the gene in said host cell, and a 
helper; and (b) expressing in said host cell the gene of 
interest. 

49. The method of claim 48, wherein said expression 
of said gene of interest in said host cell inhibits 
replication of a wild-type virus in said host cell. 

50. A method of expressing a gene of interest in a 
30 host cell, which method comprises: 

(a) contacting said host cell with a conditionally 
replicating viral vector of claim 14, wherein said viral 
vector further comprises the gene of interest and is 
capable of expressing the gene in said host cell, and a 
helper; and (b) expressing in said host cell the gene of 
interest. 
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51. A method of expressing a gene of interest in a 
host cell/ which method comprises: 

(a) contacting said host cell with a conditionally 
replicating viral vector of claim 19, wherein said viral 
5 vector further comprises the gene of interest and is 

capable of expressing the gene in said host cell, and a 
helper; and (b) expressing in said host cell the gene of 
interest. 

10 52. A method of detecting interaction between a 

drug/factor and a protein, which method comprises: 

(a) contacting the drug/factor with a host cell of 
claim 28, in which the vector encodes and expresses a 
protein; and 

15 (b) detecting interaction between the drug/factor 

and the mutant protein. 
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